Beta-D-galactosidase of rat spermatozoa: subcellular distribution, substrate specificity, and molecular changes during epididymal maturation.
In previous studies, we reported that rat epididymal fluid acid beta-D-galactosidase, which optimally cleaves a synthetic substrate (PNP beta-D-galactoside) at pH 3.5, shows maximum activity at pH 6.8 when a glycoprotein is used as a substrate [Skudlarek MD, Tulsiani DRP, Orgebin-Crist M-C. Biochem J 1992; 286: 907-914]. We now describe a similar pH-dependent substrate preference for rat sperm beta-D-galactosidase. We found that only 10-14% of total beta-D-galactosidase (and other glycosidase) activity was associated with spermatozoa. The remaining enzyme activities were present in soluble form in the luminal fluid. When the glycosidase levels were expressed per 10(6) sperm, all enzymes showed a progressive increase in spermatozoa from the caput to the corpus or proximal cauda followed by a sharp decline in spermatozoa from the distal cauda epididymidis. The observed decrease in beta-D-galactosidase activity could not be explained by the loss of cytoplasmic droplets (which have a low enzyme activity relative to spermatozoa) or the presence of inhibitors/activators of the enzyme activity in spermatozoa from the proximal or distal epididymis. However, we found that the changes in beta-D-galactosidase activity during sperm maturation in the epididymis were accompanied by changes in the molecular form(s) of the enzyme. Western blot analysis using an antibody to beta-D-galactosidase showed a progressive processing of the 82-kDa immunoreactive band in caput spermatozoa to an 80-kDa diffuse band in cauda spermatozoa. The sperm-associated beta-D-galactosidase form(s) does not appear to be due to adsorption and/or binding of the luminal fluid beta-D-galactosidase, which contained a 97-kDa form in fluid from the caput and two forms, of 97 kDa and 84 kDa, in corpus and cauda fluids. The observed difference in the molecular forms of the sperm and luminal fluid was found to be due to differential glycosylation, since de-N-glycosylation of various forms of beta-D-galactosidase generated a single immunoreactive form of 70 kDa. Subcellular localization studies and assay for the beta-D-galactosidase activity in the enriched plasma membrane and acrosomal membrane fractions suggested the likelihood that the activity of beta-D-galactosidase and other glycosidases is present in the acrosome and is readily released during sperm disruption. The evidence suggests that sperm beta-D-galactosidase may be functional within the acidic environment of the acrosome during sperm maturation as well as in the neutral environment of the oviduct after the zona-induced acrosome reaction.